Objective. To describe the development of an integrated pain and palliative care course and to investigate the long-term effectiveness of the course during doctor of pharmacy (PharmD) students' advanced pharmacy practice experiences (APPEs) and in their practice after graduation. Design. Roseman University College of Pharmacy faculty developed a 3-week elective course in pain and palliative care by integrating relevant clinical and pharmaceutical sciences. Instructional strategies included lectures, team and individual activities, case studies, and student presentations. Assessment. Students who participated in the course in 2010 and 2011 were surveyed anonymously to gain their perception about the class as well as the utility of the course during their APPEs and in their everyday practice. Traditional and nontraditional assessment of students confirmed that the learning outcomes objectives were achieved. Conclusions. Students taking the integrated course on pain management and palliative care achieved mastery of the learning outcome objectives. Surveys of students and practicing pharmacists who completed the course showed that the learning experience as well as retention was improved with the integrated mode of teaching. Integrating basic and clinical sciences in therapeutic courses is an effective learning strategy.
INTRODUCTION
The practice of pharmacy demands that pharmacists have knowledge of and skills in applying basic science concepts to ensure sound, evidence-based decision making. However, the foundational role of the basic sciences in the PharmD program is often not completely appreciated by students. Because of this, colleges and schools of pharmacy are intent on developing pedagogies that will increase students' awareness of the critically important relationships between basic science concepts and clinical application. In support of this goal, the Accreditation Council for Pharmacy Education states that curriculum be ". . .developed, with attention to sequencing and integration of content." 1 However, the traditional approach to teaching pharmacy education is often contrary to this goal in that basic science topics are generally separated from the clinical portion of the curriculum and vice versa. This lack of crosstalk results in students learning in "silos" that counter efforts to prepare them for contemporary, evidence-based pharmacy practice. 2 Several organizations including the ACPE and the American Association of Colleges of Pharmacy (AACP) have recommended that basic and clinical sciences be integrated within the curriculum in an effort to enhance knowledge delivery and retention. There have been several reforms in healthcare education focused on defining novel mechanisms for training students in navigating the increasing complexity of patient care. Integration of the basic and clinical sciences into 1 course, although not novel, is one possible solution to this issue.
Basic pharmaceutical and clinical sciences are taught separately at Roseman University of Health Sciences College of Pharmacy (RUCOP), just as they are at the majority of US colleges and schools of pharmacy. Considering the in-house availability of faculty expertise in the basic and clinical aspects of pain management and palliative care, these topics were identified as ideal for developing into an integrated elective course. Also, pain management and palliative care are topics commonly encountered in pharmacy practice. One of the most common reasons for patients to seek medical help is pain. According to an Institute of Medicine report, more adult patients experience chronic pain than the number of adults with heart disease, diabetes, and all cancers combined. 3 Pain is also a common problem that pharmacists encounter in their practice on a day-to-day basis, irrespective of practice setting. The topic of pain management is complex, mainly because of the complex and varied pathophysiology of different pain conditions. In addition to pain, palliative care is often not sufficiently included as a curricular topic in colleges and schools of pharmacy. 4 Pharmacists and student pharmacists are likely to encounter patients with hospice and palliative care needs because of the large growth of patients receiving hospice and palliative care services. From 2000-2008, the number of palliative care programs in hospitals with 50 beds or more grew from 24.5% to 58.5%. 5 The number of hospice programs in the United States has grown from approximately 3,650 in 2004 to approximately 5,150 in 2010. 6 The major goals of this study were to: (1) develop and implement an elective course focused on the need for increased education in pain and palliative care by healthcare providers as outlined in an Institute of Medicine report, 3 (2) deliver a complex subject in an integrated manner to enhance learning and retention, (3) determine the perceptions of students on the delivery of curricular content in this integrated course, and (4) determine the effectiveness of this course longitudinally.
DESIGN
While basic sciences such as biochemistry, pharmacology, and pharmaceutics were taught in the first (P1) year of the college's 3-year pharmacy curriculum, clinical sciences were taught in the second (P2) year. However, some of the clinical science topics such as pharmacy calculations, Top 200 drugs, etc, were taught in the P1 year in a longitudinal format. The integrated elective course in pain and palliative care was developed with the aim to introduce a new organization of educational content and to train students in the area of pain and palliative care, which would be crucial to their practice. Apart from this elective course, the pharmacy students attended standard lectures on pain in the neurology block of the curriculum but did not receive any education in palliative care. Pain pharmacology received 12 lecture hours of coverage in the P1 year and pain management received 12 hours of coverage in the P2 year.
Based on guidelines from the Pain Curricular Summit, 3 faculty members with expertise in pain and palliative care developed a 3-week curriculum that integrated relevant pharmaceutical and clinical sciences. The course was organized over approximately 6 months. During this time, key faculty members were identified, a block plan with learning outcomes was created and approved by the curriculum committee, and course materials were developed. The learning outcomes and course materials were developed after several discussions between basic science and clinical science faculty members about the appropriateness and relevance of these outcomes and materials in helping the students to understand pain pharmacotherapy, and necessary changes were made based on the discussions. Major course topics identified by the faculty members are discussed in detail in the course content section.
In the elective course, the first 18 hours were spent on teaching the pathophysiology of pain states, pain pharmacology, medicinal chemistry, and pain drug formulations and delivery. This was followed by 42 hours on the clinical aspects of pain management pertaining to pharmacy practice. Instructors collaborated before starting the course and during the course. In order to have a smooth transition between the basic science and clinical science topics, some of the basic science and clinical science faculty members observed each other's lectures and activities. The Pain and Palliative Care elective course was first offered in the summer of 2010.
Learning outcomes for the elective course are listed in Appendix 1. After identifying the major course topics, the faculty members determined that the duration of the course would be 72 hours (4 credit hours), to be delivered over 3 weeks (Table 1) . Instructional strategies used to deliver information included lectures, team and individual activities, case studies, and student presentations. In the basic science component, students were taught concepts and their relevance in understanding clinical aspects of pain management and palliative care. In the clinical science component, students were taught how to differentiate various pain and palliative care conditions and how to pharmacologically and nonpharmacologically manage these conditions from a pharmacist's perspective.
The elective course was offered at 2 of the college's campuses: Henderson, Nevada, and South Jordan, Utah. To maximize interactions between faculty members and students, the course was initially capped at 30 students, but later changed to 20 students as a result of student feedback. Students were enrolled on a first come, first served basis. Prerequisites for the course included successful completion of the neurology therapeutics block and P3 status. Basic science topics were taught by faculty members with doctorate degrees in their respective fields, and the clinical topics were taught by faculty members who were clinical practitioners in their respective fields.
Course Content
Medicinal chemistry of pain medication. Learning outcomes for medicinal chemistry of pain medications were focused on 3 main classes of analgesic/anesthetic medications: opioids, non-steroidal anti-inflammatory drugs (NSAIDs), and local anesthetics. A review of medicinal chemistry textbooks (eg, Foye's Principles of Medicinal Chemistry and Wilson and Gisvold's Textbook of Organic, Medicinal and Pharmaceutical Chemistry) illustrated that these classes of drugs share a robust history of research, study, and clinical usage. These drug classes were specifically chosen because they are commonly prescribed and because they allowed discussion of several important medicinal chemistry topics. General topics presented with each drug class included drug design and development processes, general pharmacophore and structure-activity relationship (SAR) development, and structural concerns affecting side-effect profiles. Topics unique to each drug class were also presented, such as Portoghese's message-address concept for opioid (and especially opiate) drugs, selectivity concerns for the inhibition of COX enzymes by nonsteroidal anti-inflammatory drugs (NSAIDs), and pharmacokinetic effects of amide vs ester local anesthetics.
Pharmaceutical perspectives on pain management. Having no textbook available on the pharmaceutical perspectives on pain management, the faculty members used pharmaceutical industry publications (eg, Drug Development & Delivery, Drug Development and Industrial Pharmacy) as well as drug-product prescribing information to prepare the lecture content. Lectures discussed and compared not only dosage form design principles and pharmacokinetics, but also their relationships with other factors such as types of pain, patient status, patient compliance, degree of opioid tolerance, risk of addiction, and cost. Potent m opioids were chosen as the major example for teaching because a variety of opioid products are available and selection of one product over another can be confusing. In addition, discussions were held on the new developments in the pharmaceutical industry such as the innovative specialized opioid products (eg, novel pulmonary, transmucosal, and intranasal fentanyl products) that are used to improve the management of breakthrough cancer pain. During team activities, students were given clinical cases and asked to select appropriate routes of administration and drug products to demonstrate the importance and relevance of pharmaceutical and pharmacokinetic knowledge in pain management.
Pain neurobiology, pain pathophysiology, basic pharmacology of pain management. Based on topics in standard textbooks of pain (eg, Wall and Melzack Textbook of Pain), and pharmacology (Goodman and Gilman), the faculty members drafted outcomes on pain neurobiology, pathophysiology, and pharmacology that they thought would be relevant and useful to pharmacy students for understanding the pharmacotherapy of pain. The materials distributed during the Pain Curricular Summit, and the International Association for the Study of Pain Core Curriculum for Professional Education in Pain were also used in identifying appropriate learning outcomes. The major areas included were basic terminology in pain; classification of pain; basic neurobiology of pain; brief pathophysiology of various types of pain; drug targets based on pathophysiology in various pain conditions; classification of traditional and nontraditional analgesic agents and local anesthetics, their mechanisms of action, major drug interactions, and major adverse drug reactions. The various topics were presented in the class in the context of their application in pharmacotherapy, and the relevance of these topics in understanding pharmacotherapy of pain was always emphasized.
Pharmacotherapy of pain management and palliative care. Based upon various clinical guidelines and materials distributed during the Pain Curricular Summit, outcomes were drafted for pharmacotherapy related to pain and palliative care. The primary symptoms in addition to pain covered by the learning outcomes include dyspnea, terminal secretions, cough, agitation, and nausea and vomiting. Clinical guidelines considered included the most recent guidelines published for management of chronic malignant and nonmalignant pain, neuropathic pain, and palliative care. As clear and focused guidelines on symptom management for hospice care are not readily available, several tertiary resources (Oxford Textbook of Palliative Medicine, Palliative Medicine, Palliative Pharmacy Care) were used. Also, a physician board certified in 
EVALUATION AND ASSESSMENT
The effectiveness of the course curriculum was assessed using a 2-pronged approach: (1) assessing student achievement of learning outcomes using traditional and nontraditional assessment methods such as administering tests that contain multiple-choice questions, shortessay questions, and assigning SOAP notes and patient care plans; and (2) assessing long-term effectiveness of the course using longitudinal survey instruments among students.
Achievement of Learning Objectives
Students were assessed using various methods at different time points in the course including written and oral presentations, and mid-term and final examinations that included written and multiple-choice questions. The assessment questions were set to assess the student's capability at various levels of Bloom's taxonomy. For example, objective tests including selected response questions (multiple choice) and constructed response questions (fill-in-the-blank) were used to assess the "remember and understand" cognitive process domains. In addition to these, the students were required to write up a SOAP (subjective, objective, assessment, plan) note and then orally present the SOAP note on a given pain or palliative care patient case to one of the course faculty members. SOAP (subjective, objective, assessment, plan) notes mimic an essay style assessment and were used to assess the "apply, analyze, and evaluate" cognitive process domains. Finally, PowerPoint presentations were used to assess the "create" cognitive process domain.
Students also were assigned either a common hospice diagnosis or common hospice symptom and asked to give a 10-15 minute PowerPoint presentation of their assigned topic. A grading rubric developed by the clinical faculty was used to assess the SOAP note and presentations. The intent of the SOAP notes and PowerPoint presentations was to give the students an opportunity to practice looking up drug/disease information topics, develop presentations, and give verbal pharmacotherapy recommendations. The grading breakdown between basic science and clinical science was 40% and 60%, respectively. Basic science assessment consisted of multiplechoice questions and short-essay questions, both having approximately equal weight. Clinical science assessment consisted of 42% SOAP notes, 33% presentation, and 25% multiple-choice questions, fill-in-the-blanks, short answers, and opioid conversions.
Based on the university's general curricular policy, students were required to obtain a cumulative 90% in assessments to receive a passing grade. Remediation assignments and assessments were offered to students who did not initially obtain the 90% standard.
Thirty-seven students completed the course during the 2010 and 2011 semesters. While writing the questions for the various student assessments, care was taken to tie the assessment questions and assignment objectives to the learning outcomes. About 80% of the students passed these on the first attempt. Eventually 100% of the students passed the course through the remediation process which is built into all RUCOP courses.
Long-term Effectiveness
Survey instruments were used to evaluate the longterm effectiveness of the integrated model of curricular content delivery (1) immediately after the course, (2) while students were completing their APPEs, (3) and a year after graduating from the PharmD program. Data were collected from both campuses (Nevada, Utah) for the years 2010 and 2011 using SurveyMonkey (SurveyMonkey Inc. Palo Alto, California). Thirty-seven students completed the course across the 2 summers and both campuses. The analyses involved using both years' data because the same faculty members taught the material and there was no major change in the course material or learning outcomes. For the longitudinal survey instrument that was sent out a year after the students started practicing as pharmacists, the data is only from 2010, since the 2011 class was still completing their APPEs when data were collected for this study. Because no student identifying information was collected, the university's institutional review board did not require that informed consent be obtained.
The survey instrument consisted of both closed-ended and open-ended questions. The questionnaire was developed based on the learning outcomes from the course as well as the input from faculty members. The questionnaire was tested for content validity by sending it out to all faculty members involved in teaching the course. One of the objectives of the questionnaires was to understand how students perceived the difference between traditional ways of teaching and the integrated approach to teaching used in the course. The open-ended questions allowed the students to express their opinions about the positive and negative aspects of the course in addition to the perceived value of the various team activities and assessment styles used in the classroom. The questionnaire sent to students enrolled in APPEs or who were practicing as pharmacists mainly focused on the applicability of the course material in practice and any retrospective comments they had about the course.
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Descriptive analyses were carried out to determine the percentage of students who agreed to each of the statements in the survey instrument. A content analysis was carried out to determine emerging themes from response on open-ended items.
Of the 37 students who took the course, 27 responded to the open-ended section of the questionnaire (73% response rate) and 28 responded to the closed-ended section of the questionnaire (76% response rate) that were distributed immediately after the course. No demographic data on the students were collected. The survey instrument was sent to all 37 students who took the class while they were in their APPEs, and 25 responded (68% response rate). Survey instruments were sent out to 21 alumni, who took the course as a student and were practicing as pharmacists, and we received 11 responses (response rate 5 52%).
The students who completed the survey administered immediately after completing the elective course found it very or extremely relevant (78%), interesting (67%), practical (59%), necessary (52%), and informative (67%). While more than 60% of the respondents found the course to be very or extremely challenging; more than 90% found it very or slightly difficult and demanding, with more students responding "slightly" demanding. When asked to compare the traditional teaching approach with the integrated teaching approach, a large majority of the respondents either agreed or strongly agreed that the integrated course was better than the traditional approach to learning in terms of retaining information, application of basic sciences in clinical knowledge, the rational and logic of the course materials, and ability to solve problems from multiple domains ( Table 2 and Table 3 ). When asked about the length of each course topic in the integrated course, more than 90% of respondents felt the length of the medicinal chemistry section was appropriate and around 80% of the respondents felt the length of the pharmaceutics section was appropriate. None of the respondents felt it was too long. While two-thirds of the respondents felt that the pharmacology section was the right length, the remainder was divided between feeling it was too long or too short. However, only about half of the respondents felt that the therapeutics section was the correct length. Fortytwo percent felt not enough time was allotted for the course.
Students' overall impressions of the course were positive. When asked to list 3 positive points about the course, the ones most frequently given were small class size, use of short answers for assessment, focus on learning rather than passing the assessment, and structure that allowed students to build on previously taught material. The small class size allowed students to have better interaction with faculty members such as asking questions. Students also liked the short-answer assessment style which allowed them to break away from the "memorization" strategy usually used to prepare for multiple-choice examinations. Another positive outcome noted by the students from the class was the Patient Care Plan at the end of the course. The comment "no need to memorize" was repeated. When asked about ways in which the course could be improved, the 2 dominating responses were the need for more patient cases and the need to better organize student presentations. When the students were asked to compare the integrated course with the traditional way in which the material had been taught (Basic Pharmaceutical Sciences in P1 year and Clinical Pharmacy in P2 year), their responses were in favor of the integrated style of teaching. The reasons provided by the students included slow pace in the class and small class size that allowed for better interaction, which in turn allowed the students to have better retention of the class material as well as the opportunity to learn along with the class. The other major reason The integrated course allowed me to better learn to solve problems from multiple domains.
7.4 0 0 40.7 51.9
The flow of learning activities and materials with the integrated course was more rational and logical. The integrated course helped me better apply information from the science (pharmacology, medicinal chemistry, and pharmaceutics) to the therapeutics of pain management. 7.4 3.7 0 37 51.9
I feel the integrated course will help me to retain information in my long term memory better than the traditional way of teaching. American Journal of Pharmaceutical Education 2013; 77 (6) Article 121.
was the "class to case" approach allowing them to apply the basic pharmaceutical concepts to clinical applications. When asked about the team activities offered in the class, the majority answered positively. The small size of the team was mentioned twice as the reason for the positive response. Those students who were not in favor of team activities wanted to work on the cases by themselves and then as a class with the faculty members. When asked about the different forms of assessments used by faculty members, the majority preferred the short-answer format, with a few students preferring the Patient Care Plan format. On asking about the topics that should be addressed in greater or lesser detail, a significantly repeating response could not be found. However, increasing the length of the course was repeated. When asked whether they would recommend this course to other students, 100% said they would.
Longitudinal Survey Results. Eighty-five percent of the respondents to the survey administered while they were completing their APPEs felt that the elective course prepared them well enough for their pain and palliative care practice experiences and more than 90% agreed that they would recommend the course to incoming students. More than 80% of respondents felt that they were able to recall the information they learned in the course when needed, improved their problem-solving skills as a pharmacist as a result of taking the course, were able to communicate with their preceptors about pain medications in a comfortable way, and felt confident about their knowledge of pain medications during their practice experiences. When asked whether the course helped them with their APPEs (n 5 25), 84% of the respondents either agreed or strongly agreed.
All the respondents (n 5 11) to the survey administered to practicing pharmacists (those who completed the elective course in 2010) felt that the class prepared them well enough for their pharmacy practice experiences and that they would recommend the course to incoming students. In addition, all the respondents felt that they could recall the information learned in the course when needed, that the course improved their problem-solving skills as a pharmacist, that they could communicate with their preceptors about pain medications in a comfortable way, and that they felt confident about their knowledge of the pain medications during their practice experiences. When asked how the course had helped them in their pharmacy practice, all of them agreed that the course had increased their confidence in providing counseling for pain medications.
DISCUSSION
One of the challenges often faced by health students is not understanding the relevance of basic sciences in their everyday clinical practice. The results from the study showed that integrating basic sciences and clinical sciences resulted in better learning outcomes and improved learning experience for students. The Accreditation Council for Pharmacy Education guidelines strongly recommend the need for integrating curricular content and reinforcement of curricular content by both basic science and pharmacy practice faculty members. 1 In their article about addressing competencies for the future in the professional curriculum, Jungnickel and colleagues talk about integrating basic science activities into patient care to develop the skills needed for a pharmacist. 7 In an editorial about "integrating basic sciences and clinical pharmacy," Ratka points out how these 2 disciplines are intertwined and interdependent. 8 The integrated style of delivering curricular content resulted in better retention of class materials than the traditional style of teaching. Some of the adjectives used by Ratka in her editorial about the integrated model were similar responses from the students in the open-ended questionnaire such as "better interaction with faculty," "improves conceptual understanding," and "clinical relevance to basic sciences." Basic science courses are usually taught in the first year of pharmacy school and students frequently complain about not being able to retain the information by the time they are learning clinical science. A study conducted at the University of Saskatchewan showed that there was considerable loss of basic science knowledge among first-year medical students by the end of the first year. 9 In contrast, the results from this study showed that the course was beneficial and that the students retained knowledge better, even on a longitudinal basis. Information recall was not a problem for all the alumni who responded to the survey instrument, even a year after graduation. Thus, the integrated model of teaching will enable better retention of course materials as evidenced from this study. However almost half of the students wanted to increase the time allotted for the therapeutics section. Though we are not completely sure of their reasons, we can speculate that the students may not have perceived the importance of basic science in their everyday practice which in turn is related to the perception that therapeutics is more related to their daily functions in a pharmacy.
Stull and Carter promoted the integrated curriculum model in pharmacy as a way to encourage students to view various topics from the perspectives of different disciplines. 10 They argued that this method would develop problem-solving skills in pharmacy students. A study on integrating basic sciences and clinical sciences within a medicinal chemistry course reported it was a positive experience for faculty members and students. 11 Other studies have reported on integrating basic sciences and clinical pharmacy in teaching various pharmaceutics and pharmacotherapy courses. [12] [13] [14] [15] All of these studies reported that the integrated course model was a success not only in achieving the course outcome objectives, but also in improving the student's perceptions about applying basic science principles in clinical pharmacy. The concept of teaching basic sciences and clinical courses concurrently and in an integrated manner has been successful in the medical and dental school curricula as well. [16] [17] [18] [19] [20] [21] [22] [23] [24] There are several potential challenges to implementing an integrated pain and palliative care course. The first challenge is identifying pharmaceutical sciences and pharmacy practice faculty members with interest, experience, and expertise in pain and palliative care topics. Once faculty members are identified, coordination of schedules to communicate and develop course themes and learning outcomes can represent another challenge. Another potential challenge is the time requirement for developing such a course. Approximately 6 months was required to design this course, devoting many hours to content development. Through effective planning and communication, faculty members were able to overcome challenges to develop the integrated pain and palliative care course.
The study is not without limitations. Because the elective course was offered only in the summer, students who chose to take it were probably highly motivated to do so and already had a strong interest in pain management, which may have affected the positive responses on the questionnaires. Also, the class size was controlled to achieve better interaction among students and between students and faculty members, and the students who were not able to enroll in the class may have performed better or worse than those who took the course. Both of these conditions may have biased the study results. Also, apart from 2 alumni who described their work activities that related to the course, it is unknown whether others were involved in hospice and palliative care in their current positions. Though the students achieved mastery of learning as outlined by the school curriculum committee, the study did not objectively measure how students performed compared to when taught using traditional methods. Being a newly developed elective course, no comparison data were available.
SUMMARY
A new elective course, Pain Management and Palliative Care, was developed based on the integrated learning model, integrating basic pharmaceutical sciences and pharmacy practice. Traditional and nontraditional assessment of students confirmed that the learning outcomes objectives were achieved. Determining the perceptions of students regarding the usefulness of an integrated course model and the applicability of the course in practice proved
